A molecular docking analysis has been carried out on several cytotoxic cembaranoid type diterpenes that have been isolated from soft coral Sarcophyton glaucum i.e sarcophytolol, sarcophytolide B, sarcophytolide C, sarcophine, deoxosarcophine, and cembrene C. All the compounds were investigated using in silico molecular docking with several enzymes and receptor protein targets i.e cyclin-dependent protein kinase 2 (CDK-2), cyclin-dependent protein kinase 6 (CDK-6), protein kinase C (PKC), vascular endothelial growth factor receptor 2 (VEGFR-2), DNA topoisomerase II and tubulin, in order to investigate the potential molecular targets and to correlate the experimental cytotoxicity of these cembranoid compounds. Molecular docking revealed that sarcophytolol C and deoxosarcophine docked strongly into podophylotoxin binding site of tubulin receptor while the other compounds exhihited selectivity for protein kinase C. The variation of experimental inhibition of concentration (IC 50 ) on several cancer cell lines might be due to the difference mechanism of actions of these cembranoid compounds.
Introduction
The advance of knowledge on cancer molecular biology has brought to the new era of anticancer drug discovery. Recently, a new chemopreventive agent must be more selective and less toxic [1] . Therefore, the application of computer on exploration of anticancer molecular mechanism was required to assist many researcher studying the property and selectivity of new anticancer compounds before or after performing experimental testing, both in vitro and in vivo. Considerable attention has been focused on natural compounds capable to inhibit proliferation of cancer cells by inducing apoptosis [1, 2] .
In this study, cembranoids type diterpenes were in silico studied to investigate the potential molecular target of actions and to correlate with the experimental cytotoxicity. Our previous study have isolated several types of cembranoid compounds from Sarcophyton glaucum i.e sarcophytolol (1), sarcophytolide B (2), sarcophytolide C (3), sarcophine (4), deoxosarcophine (5) and cembrene C (6). Even though, the compounds are likely to induce cellular apoptosis, but their molecular modes of action have not been clearly defined [3] . Therefore, docking molecular analysis have been applied to several enzymes and receptor proteins target responsible for cell cycle, cell proliferation and DNA replication, i.e cyclin-dependent protein kinase 2 (CDK-2), cyclin-dependent protein kinase 6 (CDK-6), protein kinase C (PKC), vascular endothelial growth factor receptor 2 (VEGFR-2), DNA topoisomerase II and tubulin receptor.
Material and Methods
Docking was performed with PLANTS1.2 (Konstanz university, Germany) using stochastic optimization algorithms called Ant Colony Optimization (ACO) [4] . Structure Protonation and Recognition System (SPORES) (Konstanz university, Germany), which assigns atom and bond type according to TRIPOS force field convention [5] , was used to prepare the protein and ligand structures, together with Open Babel version 2.2.3 [6] which employs Monte carlo search with MMFF94 as the force field, for energy minimization of ligand structure. PyMol (www.pymol.org) was used for RMSD calculation and pictures generations [7, 8] MarvinSketch (Chemaxon, Netherland) was used for building cembranoid structure [9] . As long as no further explanation, the default settings of each software were used. Simulations were performed on a Linux operating system (Fedora 3.6.11-4.Fc16 i686) with Intel(R) Core™2 Duo CPU T5800 @ 2 GHz as processor and 1,93 GB of RAM. 
Cembranoids structures preparation
The structure of cembranoid compounds (figure 1) were built by MarvinSketch (Chemaxon, Netherland). Each structure was then protonated at pH 7.4 and saved as mrv format file. Then, those files were opened again and searched for 10 conformers and saved as mol.2 format file. All the structures subsequently underwent conformational search to find the most stable conformer from 10 seeds, which successively followed by 1000 steps energy minimization using obconformer module in Open Babel. The minimized structure was subjected to SPORES before submitted to the docking simulations using PLANTS1.2.
Receptors and co-crystallized ligands preparation
All target macromolecule were obtained from the brookhaven Protein Data Bank (www.pdb.org) with the code and co-crystallized ligand presented in table 1. The PDB files were split into protein and co-crystallized ligands using the splitpdb module on SPORES. All the protein and each co-crystallized ligand were recognized, protonated and stored as mol.2 format file. Preparations of co-crystallized ligands were then continued as the cembranoid structures preparation mentioned above.
Docking Method validation
To ensure that ligand orientation and positions achieved from the docking simulations were likely to represent valid and reasonable potential binding modes of the inhibitors, the docking methods and parameters used were validated by redocking experiments. All cocrystallized ligands were docked into their protein structure using PLANTS1.2 according to docking protocol constructed and optimized by Istyastono [10] . The binding site in the docking configuration file was defined as 5 Å from the coordinates of the location where the co-crystallized ligands were located in the protein structure. The bind module of PLANTS1.2 was used to automatically identify the binding site. The rmsd value was calculated using rms_cur module in PyMol. This construction procedure was performed iteratively 10 times.
Results and Discussion
Cembranoids are 14-membered-ring diterpenoid natural products. They play an important role in the biomedical perspective. Antitumor, antimicrobial and antiinflammatory activities have been reported from this type of compounds [3, 11] . In silico experiment using molecular docking method has been applied to investigate the potential molecular of actions of cembranoids type diterpenes on antitumor/ antiproliferative activity.
In this study, several cembranoid type diterpenes isolated from soft oral Sarcophyton glaucum were docked into each of six different targets. The lowest energy docked of each compounds was selected and taken into account. PLANTS1.2 with SPORES and open babel were used together in this docking simulation. Open babel were used to perform stochastic conformational searches followed by energy minimizations to each cocrystallized ligand while the atom and bond types were assigned by SPORES. Followed by docking simulation by PLANTS1.2 using stochastic algorithm, will produce a completely non-deterministic docked pose of each reference ligand (12) . The best docking poses of each cocrystallized ligand has RMSD values < 2Å as presented in Table 1 . This meant that constructed protocol docking for each protein/enzyme have prospectively validated. The virtual screening on six different protein/enzyme targets has led to identify tubulin protein receptors and protein kinase C (PKC) as the potential targets for these cembranoid type diterpenes. The result of docking energy was presented in Table 2 . Sarcophytolide C and deoxosarcophine showed docking selectivity for tubulin receptors with docking energies higher than the cocrystallized ligand, 07u (-77.4512 and 75.3408 kcal/mol, respectively). Meanwhile, sarcopytolol, sarcophytolide B, sarcophine and cembrene C selectively docked with protein kinase C (figure 3) and were the strongest binding ligand for that protein (-81.6335, -86.6128, -71. 2449 and -82.2450 kcal/mol, respectively). Their docking energies were comparable to the co crsytallized ligand podophylotoxin. Saito and co workers [13] reported α-2,7,11-cembratriene-4,6-diols (α-CBT), the another type of cembranoids, inhibited TPA-stimulated 32Pi incorporation into phospholipids of HeLa cells and a phosporilation of a 47-kilodalton protein that is activated by protein kinase C (PKC) in human platelets. These results indicated the possible mode of actions of cembranoids compounds might be through inhibition on PKC.
Our research group [3] had reported the cytotoxic activity of these three novel cembranoid compounds against several cancer cell lines. Sarcophytolol exhibited significant cytotoxic effects toward HepG2 (Human hepatoceluller liver carcinoma) with the experimental IC 50 values of 20 ± 0.032 uM. Meanwhile, sarcophytolide B showed activity against MCF-7 (Human Breast Adenocarcinoma) with IC 50 of 25 ± 0,0164 uM. Sarcophytolide C had significant cytotoxic effect to both HepG2 and MCF-7. The variation of these experimental cytotoxic activity of cembranoids might be due to their difference mechanism of actions. Sarcophytolol and sarcophytolide C had similar cytotoxic activity against HepG2, meanwhile sarcophytolide B can be considered as less active (IC 50 = 94.0 ± 0,022). Thus, the less activity of sarcophytolide B might be due to the lower docking energy to tubulin receptor.
The difference in stereochemistry between sarcophytolide B and sarcophytolide C have given difference effect in binding interaction with tubulin receptor in podophylotoxin binding site. Figure 4 showed that cembranoid compounds preferentially docked at the hydrophobic site occupied by 3,4,5 trimethoxy benzene moiety. The change of configuration from E form on sarcophytolide B to Z form on Sarcophytolide C led to the difference structural geometry when they bind to tubulin receptor generating the higher interaction with protein. This docking study identified the furan ring with the lactone group can be a pharmacophore group occupying the hydrophobic site of tubulin receptors and creating polar interaction with CYS240. 
Conclusions
This in silico molecular docking study has identified tubulin and protein kinase C (PKC) as potential molecular targets for cembranoid type diterpenes. The variation of their experimental cytotoxic activity in several cancer cell lines might be due to their difference in mechanism of actions, led to further investigations.
